The term "adrenal incidentaloma" refers to clinically unapparent adrenal mass detected during imaging examination performed for reasons other than the evaluation of adrenal glands. These tumors must be carefully examined in order to assess the indications for surgical treatment. The main method of finding evidence of potential malignancy in these lesions is computed tomography (CT), before and after i.v. contrast media enhancement. Density of a malignant lesion is higher than 10 HU and the relative percentage washout is less than 40% at 10 min. Other useful methods utilized in tumor assessment, include magnetic resonance imaging (MRI), scintigraphy techniques (SPECT) and PET. Basal hormonal investigations include urine and plasma catecholamines with their metabolites, plasma cortisol before and after dexamethasone administration, plasma renin activity and aldosterone level. Cases not suitable for surgery should be followed with repeat imaging techniques and hormonal testing at the recommended 6, 12, and 24 months. Surgery should be performed when tumor growth rate exceeds 0,8 cm per year.
Background
The term 'incidentaloma' refers to adrenal gland tumors greater than 1 cm in diameter and detected through an imaging procedure performed for unrelated reasons. Incidentally discovered adrenal masses are becoming more common with the development of imaging techniques and constitute a significant clinical problem. Adrenal tumors are detected in approximately 0.4% of abdominal ultrasounds (US) performed for various reasons, 10 times more commonly in patients with a history of neoplastic disease. According to some reports, adrenal tumors are accidentally discovered in 4-5% of patients [1, 2] undergoing abdominal CTs performed for non-endocrinological reasons; however, some authors cite a lower incidence -up to 1% [3] . Very small adrenal masses, <1 cm in diameter, were found in as much as 65% of postmortem adrenal gland examinations. These masses are associated with changes taking place in the organ in the course of a physiological process of aging [4, 5] . Solitary lesions greater than 1 cm in diameter were found in 8.7% of autopsies performed in persons older than 65 years [6] . More recent studies report a mean occurrence of 6% in the general population, whereas the incidence determined on autopsy and through diagnostic imaging varies between 1-32% and 0.2-7%, respectively [7, 8] . Incidence of adrenal lesions before the 30 th year of life does not exceed 1%, whereas after the age of 70 it is greater than 7% [9, 10] .
Focal lesions commonly develop in the adrenal glands. However, surgery is only indicated in a small fraction of such cases, because mild and hormonally inactive lesions predominate among them. Differential diagnosis workup carried out after an incidental detection of adrenal tumor must provide answer as to whether surgery or observation is indicated. Such diagnostic procedure requires close Signature: © Pol J Radiol, 2013; 78(4): 47-55 DOI: 10.12659/PJR.889541 co-operation between radiologist and endocrinologist. Indications for surgical treatment of adrenal incidentalomas can be based on incidentaloma's potential for malignancy determined by imaging or hormonal activity that is assessed with a few simple tests.
Diagnostic Imaging Ultrasonography (US)
Adrenal tumors are most commonly found during abdominal ultrasound (US). It is not always possible to visualize normal adrenal glands (especially on the left side) with an ultrasound [11, 12] . Their physiological thickness does not exceed 12 mm, while the sensitivity of this method is over 90% for diagnosing tumours 2 cm in size [13, 14] . Apart from lesion measurement, ultrasonography enables assessment of calcifications, foci of necrosis or cysts. However, this method provides no answer to the question, whether the tumor is malignant or benign. Tumor malignancy potential can only be estimated on the grounds of its dimensions: about 2% of carcinomas are found incidentally in adrenal tumors less than 4 cm in diameter and 6% in tumors 4-6 cm in diameter. About 90% of adrenal carcinomas have a diameter of over 4 cm, but only every fourth tumor larger than 6 cm in diameter is an adrenal carcinoma [15] [16] [17] .
Computed tomography (CT)
Computed tomography performed before and after intravenous (i.v.) administration of contrast medium is the most useful imaging technique for adrenal incidentaloma evaluation.
Qualitative tumor evaluation
Qualitative parameters are tumor shape and homogeneity, which often preliminarily suggest its character. Benign adenomas are usually oval, homogeneous and well-delimited lesions (Figure 1) [18]. Tumor with an irregular shape, areas of necrosis, posthemorrhagic foci, calcifications, nonhomogeneity, is rather a malignant change (Figure 2 ) [19] . However, benign pheochromocytomas can also be inhomogenous and contain calcifications or foci of necrosis, whereas the shape is usually more regular than that of malignant changes ( Figure 3 ) [20] . A mild adenoma with a posthaemorrhagic focus can be also inhomogeneous [21] . Mild myelolipomas can be very inhomogeneous [22, 23] .
Tumor size
Tumour size is the first quantitative parameter assessed. In case of cross-sectional images made every 3-5 mm, lesions greater than 5 mm in diameter can be visualized [19] . Most of the tumors ≤3 cm in diameter are mild lesions, whereas most of the tumors greater than 6 cm in diameter are malignant lesions. Since all malignant tumors had a diameter <3 cm at the beginning of their "natural history", the above rule may not apply. On the other hand, mild adenomas without secretory activity may grow for a very long time and become larger than 6 cm in diameter. Mild Figure 1 . Axial CT scan without contrast enhancement, showing right adrenal adenoma, which typically exhibits low density that is less than that found in the liver, spleen and kidneys due to high fat content. myelolipomas commonly grow above 6 cm [10, 21] . Thus, tumor size is only a supplementary element in CT scan description and should not be used as the only basis for therapeutic decisions. Any attempts at formulating indications for surgery based solely on the tumor size will result in criteria that range from 4 cm to 6 cm depending on the country or medical center. Changes in tumor size during the observation time constitutes a separate end point. A rapid increase in tumor size (>0.8 cm/year), even in the "mild phenotype", is an indication for tumor resection [24] . On the other hand, metastatic lesions not growing for 3 years were described. Furthermore, 5-25% of mild lesions grow significantly larger during 1-year observation according to various data [10] .
Radiation attenuation coefficient
The evaluation of radiation attenuation coefficient, i.e. the so-called density, is the most important element of CT scan description of a tumor. Density is expressed in Hounsfield units (HU) and represents the value of X-radiation attenuation linear coefficient for the examined tissue in comparison with the coefficient measured for water. The range is 2000 HU: the coefficient for water is 0 HU, for air (-) 1000 HU, for adipose tissue about (-) 100 HU and for soft tissues (+) 20 -(+) 70 HU [25] . During diagnostic workup for adrenal tumors, density should be assessed before and 1 minute after the administration of i.v. contrast enhancement, followed by acquisition (washout phase) 10 or 15 minutes later. The so-called imaging phenotype of a tumor, which can be "mild" or "suspicious", can be assessed on the grounds of measurements recorded in this protocol. A tumor with mild imaging phenotype is one with low density, i.e. ≤10 HU ( Figure 4A , 4B). This low density means that the lipid fraction of the tumor is high, which is characteristic of lipid-rich mild adenoma. In principle, an initial density <10 HU may not require further density assessment following contrast agent administration. However, approximately 30% of adenomas are lipidpoor adenomas, i.e. mild ones, but they are characterized by high initial density (usually up to 20 HU and in some cases up to 30 HU). Density assessment following i.v. contrast administration is necessary in such cases. Moderate enhancement, followed by a rapid contrast agent washout from the tumor occurs in adenomas. Calculation of the so-called contrast washout coefficients expressed in% is based on differences in density. An absolute coefficient is a quotient in which the difference between maximal density (during the 1 st minute) and the density after 10 or 15 minutes, is the numerator; while the difference between the maximal value and the initial value is the denominator (result is multiplied by 100%). This parameter is used for examinations performed according to the adrenal protocol with initially planned subsequent duration of exposure. Upon discovery of adrenal tumor during the vascular phase on thorax CT scan and no initial density value, the relative coefficient can be used. It represents the proportion between the decrease in density from the 1 st minute until the 10 th minute of examination and the density during the 1 st minute. An absolute washout coefficient that is greater than 50% after 10 minutes, 60% after 15 minutes and a relative washout coefficient that is greater than 40% indicates a mild character of the lesion. This allows the diagnosis of a lipid-poor adenoma, i.e. a lesion that requires surgery only in case of confirmed hormonal activity (ACTH-independent hypercortisolemia or primary hyperaldosteronism) [10, 15, 19, 21, [24] [25] [26] .
Myelolipomas are heterogenous and display an extremely low density. They rarely occur in the adrenal glands and are often exceptionally large in size, therefore raising concern. Presence of fatty foci with an attenuation coefficient from less than -30 HU to -100 HU is characteristic of this mild tumor. Myelolipomas can also contain small calcifications [22, 23] .
Definitive need for surgery occurs in cases in which values characteristic of lipid-poor adenoma are not confirmed by a contrast washout coefficient determination for a tumor with initial high density. However, further differential diagnosis is essential for a correct preparation of patients for surgery (necessary administration of alpha and beta blockers prior to the operation of pheochromocytoma) and for the choice of operative technique (preferred laparoscopic approach for pheochromocytoma and open operative technique for malignant lesions). However, such management is not simple with CT scans (Figures 2 and 3 ). As Initial scan done after 60 s (A) followed by 10 min acquisition (washout phase) (B). Typical appearance of adrenal adenoma exhibiting moderate enhancement, followed by rapid contrast agent washout from the adenoma.
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mentioned above, primary adrenocortical carcinoma is inhomogenous and therefore it is possible to distinguish areas with a lower density (foci of necrosis) and areas with a very high density (calcifications). Immediately after contrast agent injection the density of a neoplastic tumor increases variously according to the degree of pathological vascularization. Washout is slower in comparison to adenomas. The differences in density of various tumor areas found during the initial phase, may sometimes decrease after contrast medium administration and the tumor may be taken as a homogenous one. An often centrally located focus of disintegration can also become visible [27, 28] . Metastatic tumors have a similar phenotype with less frequent calcifications. Pheochromocytomas derived from the adrenal medulla may have a similar high density and calcifications ( Figure 3) . This kind of pheochromocytomas shows a stronger enhancement after intravenous injection of contrast agent and usually a slower washout than that of adenomas, but similar to that of carcinomas [20] . The imaging phenotype of pheochromocytoma can successfully imitate the phenotype of adrenocortical carcinoma. We therefore attempted to use other methods described below for its identification.
Magnetic resonance imaging (MRI)
Computed tomography is complemented by magnetic resonance imaging. MRI evaluation includes T1-and T2-weighted images, an assessment of lipid content by chemical shift of MRI ( Figure 5A , 5B) and after i.v. contrast enhancement. Examination by chemical shift MRI consists of an assessment of T1-weighted GRE images in the so-called phase (in-phase) and antiphase (out-of-phase). MRI of adrenocortical adenoma is homogeneous, whereas the signal intensity is low -approximating the signal from the liver and also often lower than in the other parts of adrenocortical tissue. Except for cases in which adrenal adenoma had hemorrhage, which produces high signal intensity in T1 weighted out of phase images [29] . Signal intensity within adrenocortical carcinomas and pheochromocytomas is significantly higher and heterogeneous on T1-and especially on T2-weighted images, as well as on DWI ( Figure 6A-6C ). Since they contain lipids, mild lesions, i.e. adenomas, adrenocortical hyperplasia and myelolipomas, are characterized by a decreased signal intensity in the antiphase (out-of-phase). Trace amounts of lipids can also occur in adrenal carcinomas, whereas pheochromocytomas almost never contain lipids [19, 29] . Thus, this technique may help distinguish carcinomas from pheochromocytomas, however, one has to bear in mind that mixed tumors with adrenal cortical and medullary texture, i.e. containing lipids, but also constituting a source of catecholamine excess, were also described. The differences in contrast enhancement washout between malignant tumors and adenomas, are similar to those seen on CT scans [30] .
Functional Imaging -Radioisotope Imaging
Radioisotope examinations using scintigraphy or positron emission tomography (PET) should be considered in cases where tumor character was not clearly determined by a CT or an MRI, in clinical and/or biochemical suspicions of pheochromocytoma and in case of bilateral potentially secreting adenomas. 11 C-metomidate (an inhibitor of steroidogenesis) is taken up in adenomas, showing a homogenous distribution and is used in PET technique for specific imaging of steroid hormone-producing tumors. Metomidate is taken up with the same intensity in adrenal carcinomas, but its distribution in the tumor is not homogenous [33] . 11 C-metahydroxyephedrine, an amine not undergoing enzymatic breakdown by MAO with a molecular structure approximating that of noradrenaline, is a radiotracer that allows very precise imaging of adrenal medullary tumors. However, it has a very short half-life, which limits its use. Radiolabelled 11 C-adrenaline, or 18 F-dopamine and dihydroxyphenylalanine are used in PET imaging of pheochromocytomas [19, 34] .
18 F-fluorodeoxyglucose (FDG) is a nonspecific tracer that is applied for PET examination of different organs. 18 FDG is usually not taken up in mild adenomas, but it visualizes metastases to the adrenal glands and also pheochromocytomas (particularly the rapidly growing ones). However, it should be emphasized that mild lesions with high metabolic and secretory activity can also display an intensive FDG uptake [19, 28, 35] .
The main advantage of diagnostic imaging is the ability to precisely distinguish benign adenomas from malignant tumors, i.e. primary or metastatic tumors and pheochromocytomas that require prompt surgery. Tumor imaging is usually performed by computed tomography and less frequently by magnetic resonance imaging. In order to ensure good quality CT assessment of adrenal glands, 
Evaluation of Tumor Hormonal Function
Incidentalomas are detected in non-endocrinological diagnostics. According to the definition, clinical features of adrenal hormone excess should not be present. An incidentally discovered adrenal tumor in patients with poor diagnostics for paroxysmal arterial hypertension or with unidentified clear features of hypercortisolemia can not be recognized as an incidentaloma. However, there are cases with a subclinical hormonal function, which necessitate adrenal tumor resection, even when the tumor does not produce overt clinical symptoms and its imaging phenotype is unmistakably a mild one.
Subclinical Cushing's Syndrome
Autonomous cortisol secretion occurs in approximately 5% of adrenal incidentaloma cases [8] . In fact, subclinical Cushing's syndrome despite the suggestion contained in this name, is not completely asymptomatic. It was demonstrated that several disturbances can be detected in patients with "subtle" hormonal hyperfunction without visible somatic features of Cushing's syndrome, as well as the evident effects of hypercortisolemia in the organs. These disturbances include: an increase in body mass index, waist-to-hip ratio, lipid concentrations, incidence of obesity and impaired glucose tolerance or even of type 2 diabetes [36] . Increased values of systolic and diastolic arterial pressure, insulin resistance, a significantly thicker vascular wall and a greater number of atheromatous lesions in the vessels are found in most patients with apparent clinically-silent adrenal adenoma [16, 37] . These patients also have a lower bone mineral density [38] . In other words, an apparent clinically-silent adrenal adenoma can not cause metabolic syndrome, arterial hypertension, osteoporosis, nor increase the risk of diabetes [39] . Thus, it may be assumed that a subclinical hormonal hyperactivity of a tumor may constitute an indication for surgery [40] .
Patients with subclinical hypercortisolemia have usually normal values of morning cortisol concentration, 24-hour cortisol and it is metabolites excretion. However, disturbances of the circadian rhythm of cortisol excretion may occur in these patients. The physiological evening values of cortisolemia should be lower than 50% of morning values. Disturbances of circadian rhythm can manifest in form of slightly increased nocturnal cortisol concentrations -up to borderline values. It was demonstrated that the determination of cortisol concentration at midnight could be useful in testing for subclinical hypercortisolemia. Results =5.4 mg% (150 nmol/l) is recognized as borderline value. Poor arterial hypertension and diabetes control was found in a group classified on the grounds of this criterion [41] .
The dexamethasone suppression test is another example of a simple test used in hormonal evaluation of incidentalomas. Its basic version consists of administration of 1 mg of dexamethasone at 11 p.m. followed by measurement of morning serum cortisol concentration at 8 a.m.. Suppression of cortisolemia to a concentration less than 5 mg% (138 nmol/l) is recognized by most of authors as a normal value [42] . This criterion correlates best of all with hypofunction of the other adrenal gland detected on scintigraphy. According to some authors, cortisolemia during short dexamethasone suppression test should not exceed 2 mg%, whereas according to others 3 mg% [10, 43] . An improvement in diabetes control after surgery was achieved in a group of patients with subclinical Cushing's syndrome and diabetes that was classified on the grounds of the strictest criterion of 2 mg% [44, 45] . If a lack of suppression is found in tests with 1 mg of dexamethasone, confirmation of tumor autonomization is recommended. A 2-day testing with an administration of 4×2 mg of dexamethasone and an assessment of 24-hour urinary free cortisol excretion (excretion during the second day should decrease below the lower laboratory limit of normal range) should be performed in such cases [28] . Furthermore, determination of low (suppressed) ACTH concentrations and low (as a result of a lack of ACTH stimulation in the cases without autonomous androgen secretion) DHEA and DHEAS concentrations confirms the suspicion of subclinical hypercortisolemia. A secondary hypofunction of the other adrenal gland following an effective operation of the tumor constitutes an ex-post confirmation.
Subclinical Androgen Secretion
Dehydroepiandrosterone (DHEA), dehydroepiandrosterone sulphate (DHEAS) and 17-hydroxyprogesterone (17OHPG) are androgens typically found in the adrenal glands. These androgens are converted to testosterone and dihydrotestosterone. An increased secretion of androgens may indicate malignancy. It should be noted that at least half of adrenal carcinomas follow a course with rapidly increasing cortisolemia and with all the symptoms. Differential diagnosis workup should be carried out for hyperandrogenism in women with incidentaloma taking into account the commonly occurring polycystic ovary syndrome [46] . Recently, a new nosological entity was described for the first time -hyperplasia of the reticular zone that appears in form of tumor with androgen hypersecretion [47] .
Asymptomatic Pheochromocytoma
Pheochromocytoma, a tumor that makes up 5% of all incidentaloma cases, is not always the cause of paroxysmal increases in arterial blood pressure. The course of this disease can be accompanied by permanent, slightly increased values of arterial blood pressure, without hypertension or even with orthostatic hypotension [48] . Hypertensive or catecholamine crisis and death can be the first symptoms of this tumor [49] . Clinically silent pheochromocytomas are paradoxically larger in size than tumors producing paroxysmal increases in blood pressure. Abnormal glucose tolerance or diabetes are found in one in three patients with pheochromocytoma [15, 20] .
In order to evaluate hormonal activity in case of suspected pheochromocytoma, determination of a 24-hour urinary metoxycatecholamine and catecholamine excretion should be performed. This test is more easily available than the determination of catecholamine fraction in the blood, which is recommended by some centers as a slightly more sensitive method. Most patients with pheochromocytoma present with increased serum chromogranin A concentration [50] .
Subclinical Hyperaldosteronism
A mild arterial hypertension with a good response to medications can be the only symptom of mineralocorticoid excess. Hypokalemia, which is an element of Conn's syndrome, may not be present in subclinical primary hyperaldosteronism [10, 51] . Determination of plasma renin activity and serum aldosterone concentration are the recommended screening tests. Ratio between aldosterone concentration expressed in ng/dl and plasma renin activity expressed in ng/ml/h of >20 indicates primary hyperaldosteronism. Dynamic tests (e.g. Fludrocortisone suppression, saline infusion or Captopril test) are recommended for confirmation of diagnosis [28, 52, 53] . A 24-hour urine aldosterone secretion testing is not necessary. An invasive, therefore hazardous, catheterization of both suprarenal veins including the determination of aldosterone concentration gradient, are definitely recommended for confirmation of aldosterone secretion lateralization by most centers [54] .
Subclinical Adrenocortical Hypofunction
Bilateral adrenal tumors that raise suspicion of metastases can bring about a subclinical (or undiagnosed for a long time) primary adrenocortical hypofunction. This occurs once at least 90% of active secretory tissue has been damaged. In case of subclinical disease, the presenting signs are increased ACTH and renin concentrations. Then the adrenal reserve (assessed after stimulation with synthetic 1-24ACTH) decreases. The diagnosis of subclinical hypofunction is of importance for surgical planning, as it requires hydrocortisone cover [55] .
USG-guided Fine-Needle Aspiration Biopsy
The role of USG-guided fine-needle aspiration biopsy in the diagnostics of adrenocortical tumors is limited and is used only for distinguishing adrenal from extra-adrenal tissue. USG-guided fine-needle aspiration biopsy clearly distinguishes adrenal carcinoma from metastases [56] . However, biopsy is associated with a >3% risk of complications. Catecholamine crisis, caused by a puncture of an undiagnosed pheochromocytoma is the most severe complication [57] . Adrenal carcinoma belongs to a small group of neoplasms that become disseminated by a needle [58] . Thus, following exclusion of pheochromocytoma (hormonal testing, mIBG scintigraphy), adrenal biopsy should be reserved for diagnostic workup of hormonally inactive, high-density tumors that contain no lipids. A preliminary differential diagnosis of nonsecretory adrenal carcinomas and metastases may help identify the origin of metastases and better plan the therapeutic management.
Conclusions
Diagnostic procedure carried out after incidental detection of an adrenal tumor must provide answers as to whether surgery or observation is indicated.
Malignancy or hormonal activity of the lesion are indications for resection. Tumors presenting with inhomogeneity, high density, slow contrast washout on CT, low lipid content or lack of lipids on MRI raise suspicion of malignancy. Surgery should also be considered for large-sized tumors -a limit of 4 cm seems to be the safest one. In cases with inhomogeneous, lipid-free lesions with high density, a clinically silent pheochromocytoma should be considered. This suspicion is confirmed by increased excretion of 24-hour urinary catecholamines and their metabolites, increased catecholamine concentration in the blood and increased tracer uptake on 123 I mIBG or somatostatin receptor scintigraphy.
Other syndromes caused by adrenal incidentalomas include subclinical hypercortisolemia and subclinical hyperaldosteronism. Subclinical primary adrenocortical insufficiency with decreased adrenal reserve is found in cases with bilateral metastases.
Observation, repeated imaging and hormonal tests are necessary, even in cases when the tumor does not require surgical management. Recommended follow-up visits should take place at 6, 12 and 24 months after detection of lesion.
Follow-up examination at 3 months is indicated in case of young patients or tumors with borderline size. Tumor growth by more than 0.8 cm within a year is an indication for surgery.
